Objective: Pregnancy is accompanied by profound alterations in thyroid economy and relative iodine deficiency. The aim of this study was to evaluate urinary iodine excretion of pregnant women in cities with adequate and more than adequate iodine intake. Methods: A cross-sectional study was performed on schoolchildren and pregnant women in four cities in the Islamic Republic of Iran. Urinary iodine excretion was measured for 438 schoolchildren and 403 pregnant women. In addition, in Isfahan City, thyroid volume was measured by sonography for 30 pregnant women in each trimester of pregnancy and for 90 non-pregnant women who also had urinary iodine measurement. Results: Median urinary iodine of schoolchildren was 31.2, 25.0, 20.2 and 19.3 mg/dl in Rasht, Isfahan, Ilam and Tehran, respectively. Corresponding values for pregnant women were 33.8, 21.2, 19.0 and 18.6 mg/dl. The percentage of pregnant women with urinary iodine below 20 mg/dl was 16, 45, 55 and 54, and below 10 mg/dl was 1, 7, 7 and 13, in Rasht, Isfahan, Ilam and Tehran, respectively. In Isfahan, urinary iodine was significantly decreased in the third trimester of pregnancy, compared with controls. Mean thyroid volume was 7:8^3:1 ml and 7:8^2:8 ml in pregnant and non-pregnant women, respectively. Conclusion: Recommended values for dietary iodine through universal salt iodisation may not be adequate for pregnant women, and the specific problem of iodine and pregnancy should be considered further in the light of the latest recommendations.
During pregnancy the thyroid is subject to increased demands, which is associated with a tendency to iodine deficiency 1 . In iodine-deficient areas, pregnancy therefore acts to disclose the underling iodine restriction with maternal and neonatal goitre formation and subsequent physical and intellectual impairment, which can easily be prevented by iodine supplementation 2 -5 .
The recommended dietary allowance of iodine is that the ideal iodine intake should be 200 mg per day for pregnant women 6 . However, some studies have shown that many women are iodine-deficient during pregnancy not only in iodine-deficient regions, but also in iodinesufficient areas 7 . In Belgium 8 , south-west France 9 and Denmark 10 , the majority of pregnant women have urinary iodine below 100 mg/dl.
In response to the reported incidence of iodine-induced thyrotoxicosis 11 , the World Health Organization (WHO), the International Council for Control of Iodine Deficiency Disorders (ICCIDD) and the United Nations Children's Fund (UNICEF) have defined the adequate median urinary iodine as 100-200 mg/l 12 . They have pronounced levels of . 200-300 mg/l as more than adequate and those over 300 mg/l as excessive iodine intake. Median urinary iodine of 100 mg/l means that 50% of the population has urinary iodine level below 100 mg/l. Although this recommendation may prevent the occurrence of iodine-induced thyrotoxicosis, it may be argued that with median urinary iodine of around 100 mg/l a few children and most pregnant and lactating women (whose recommended daily intake is 200 mg/l) will remain deficient.
In the Islamic Republic of Iran, an effective national programme of dietary iodine supplementation via universal salt iodisation has resulted in a sustainable preventive programme for iodine deficiency disorders (IDD) 13 , and the Eastern Mediterranean Office of WHO has announced Iran as an IDD-free country 14 . In order to evaluate the degree of iodine sufficiency in pregnant women, we studied urinary iodine levels during pregnancy in cities with adequate and more than adequate iodine intake.
Subjects and methods
This cross-sectional study was performed in the cities of Rasht, Isfahan, Ilam and Tehran, between 1996 and 1998.
The Islamic Republic of Iran was known as an area of iodine deficiency. A national survey of goitre in 1989 showed that goitre existed in schoolchildren of most provinces with rates between 30 and . 70% 15 and it was estimated that 20 million people were at risk for iodine deficiency. The production and distribution of iodised salt, with 40 mg of potassium iodide per kg of sodium chloride, began and education of policymakers, health personnel and public initiated in 1990. However, a rapid survey of iodised salt consumption showed that less than 50% of the population consumed iodised salt in 1993. Therefore, the first law requiring the mandatory iodisation of all salts for household use was proclaimed in 1994. Multiple rapid surveys of iodised salt consumption have demonstrated that, from 1994 onwards, more than 90% of households consumed iodised salt 13, 16 . Urinary iodine levels of schoolchildren are in the adequate to more than adequate range, according to WHO/ICCIDD criteria 12 . Therefore, this study was performed 2 to 4 years after more than 90% of population consumed iodised salt.
Study populations
The study populations consisted of schoolchildren and pregnant women.
Four hundred and thirty-eight schoolchildren, 8 to 10 years of age, were randomly selected from primary schools of each city. There were 100, 102, 116 and 120 from Ilam, Rasht, Isfahan and Tehran, respectively. A morning sample of urine was obtained from each child for the measurement of urinary iodine.
A total of 403 healthy pregnant women, 90 to 116 in each city, who attended prenatal clinics and had no previous history of thyroid disease or medications that affect thyroid status, were sequentially admitted into the study. In addition, 90 age-matched non-pregnant women with similar excluding criteria who attended primary health clinics were chosen in Isfahan City. Morning urine samples were obtained from all pregnant and non-pregnant women for urinary iodine measurement. In Isfahan City, thyroid volume was also measured.
Urinary iodine
Urinary iodine analysis was performed using a digestion method 17 . The 2001 WHO/UNICEF/ICCIDD criteria 12 were used to classify the urine content of iodine.
Thyroid volume
Thyroid volume was measured ultrasonically according to the method of Brunn et al.
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, using a Dornier scanner (Dornier, Germany) with a 7.5 MHz transducer. The volume of each lobe was calculated by the formula: length (mm) £ width (mm) £ thickness (mm) £ 0.000479, and the result was expressed as ml. The thyroid volume was the sum of the volume of both lobes (isthmus was not included).
Statistical methods
Statistical analysis was performed using SPSS for Windows (Version 9). Analysis of variance and t-tests were used to compare the findings.
Results

Urinary iodine
In pregnant women, the median of urinary iodine was 33.8, 21.2, 19.0 and 18.6 mg/dl in Rasht, Isfahan, Ilam and Tehran, respectively (Table 1 ). In Rasht, 84% of pregnant women had urinary iodine concentration $ 20 mg/dl. However, only 46 to 55% of pregnant women in the other three cities had urinary iodine of more than 20 mg/dl. Taken together, in the three cities of Isfahan, Ilam and Tehran, 4, 5, 18 and 24% of pregnant women had urinary iodine of , 5, 5 -9.9, 10 -14.9 and 15 -19.9 mg/dl, respectively. Median urinary iodine of schoolchildren was 31.2, 25.0, 20.2 and 19.3 mg/dl in Rasht, Isfahan, Ilam and Tehran, respectively.
Trimesters of pregnancy
In Isfahan, median urinary iodine was 20.5, 23.8 and 15.0 mg/dl in the first, second and third trimester of pregnancy, respectively, and 24.3 mg/dl in control non-pregnant women (Table 2 ). Urinary iodine excretion was significantly decreased in the third trimester compared with control women ðP , 0:02Þ: However, there was no significant difference in urinary iodine excretion between the three trimesters of pregnancy. In non-pregnant women only 10% had urinary iodine less than the minimum adequate level (100 mg/dl), while 45% of pregnant women had values less than minimum recommended adequate levels during pregnancy (200 mg/dl). Table 2 shows mean values and standard deviations of thyroid volume in pregnant and non-pregnant women. Mean thyroid volume was not significantly different in pregnant and non-pregnant women (7:8^3:1 vs. 7:8^2:8 ml). Volume of the thyroid in the first trimester was significantly greater than in the second trimester ðP , 0:03Þ; however, mean thyroid volume in all four groups did not exceed 9.0 ml.
Thyroid volume
Discussion
The findings of this study show that in the three cities of Isfahan, Ilam and Tehran, where schoolchildren have an adequate intake of iodine according to WHO/UNICEF/ ICCIDD criteria, almost half of pregnant women have urinary iodine excretion of less than 20 mg/dl and might be considered as iodine-deficient during pregnancy. Previous studies have shown that not only pregnant women in iodine-deficient regions 9, 10, 18 but also those residing in iodine-sufficient areas 7, 19 may suffer from iodine deficiency. In the United States, where an effective national programme for dietary iodine supplementation has been in place more than 80 years, the most recent study showed a median urinary iodine level of 145 mg/dl 7 . However, as many as 14.9% of women of child-bearing age and 6.7% of pregnant women had iodine excretion levels in the range of moderate to severe iodine deficiency, i.e. below 50 mg/l
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.
The present study clearly shows that in Isfahan, Ilam and Tehran with adequate to more than adequate median urinary iodine, 18.6 to 21.2 mg/dl, 51% of pregnant women have urinary iodine less than recommended values for pregnancy and 9% have urinary iodine less than 10 mg/dl, which might be considered as severe iodine deficiency during pregnancy. In Rasht, where median urinary iodine was 33. . From our data it is evident that the majority of pregnant women have normal thyroid volume in Isfahan. This finding also confirms the adequacy of iodine supplementation in this city. Thyroid volume was larger in the first trimester than in the second trimester and control women. This is in contrast to the study reported in Italy 20 .
In conclusion, the findings of this study call for further attention to iodine intake during pregnancy. Recommended values for dietary iodine through universal salt iodisation may not be adequate for pregnant women, and the specific problem of iodine and pregnancy should be considered further in the light of the latest recommendations. 
